The topical route for the delivery of drugs is essential in dermatology: it optimizes the penetration of medicaments, and when performed with the assistance of lasers, it takes place in a uniform and controlled manner. 
INTRODUCTION
Topical delivery of drugs is essential in dermatology. Moreover, it is of paramount importance that the drug applied on the skin be capable of penetrating cutaneous layers and reaching the target structure. It has many advantages over the oral, intramuscular and intravenous systemic routes, for there is absence of first-pass metabolism, and it reduces side effects present in the systemic use, increasing patient adherence to the treatment. 1 The epidermal barrier function is preserved by the stratum corneum's lipid bilayer, which is the main limiting factor for the use of drugs applied on the skin. 2 The penetration of drugs across an intact stratum corneum takes place by diffusion and, to a lesser extent, through the skin's appendages, and can occur by transcellular or intracellular pathway. 1 Only lipophilic and smaller than 500Da molecules are capable of penetrating an intact stratum corneum. 1 Furthermore, only 1% to 5% of the product applied to the skin is absorbed and becomes bioavailable to exert its therapeutic effect.
The technique termed drug delivery consists in finding methods to optimize the penetration of drugs into the skin, and this can be achieved using chemical, mechanical and physical methods. 1 The use of lasers as drug delivery agents was described in 1987 with the use of an ablative non-fractional device. 3 In 2004, Anderson introduced the concept of fractional photothermolysis, in which healthy skin areas are maintained among thermally damaged areas (micro thermal zones -MTZ) generated by the ablative fractional laser, transforming the use of ablative lasers. 4 The use of lasers allows the delivery of drugs in a uniform and controlled way. 5 Lasers stimulate drug delivery by the means of three processes: 1-tissue ablation, which removes the stratum corneum and the most superficial layers of the epidermis; 2 -photomechanical waves, resulting from the conversion of light into mechanical energy; and 3 -non-ablative resurfacing, where thermal and physical injuries ruptures the skin barrier, promoting the delivery of medications. 6 The degree of evidence of the drug delivery technique has been investigated for many drugs, resulting in different degrees of recommendation, according to the substance studied. While some drugs have already been trialed in randomized clinical tests comparing the technique with traditional methods, some still need further assessment aimed at elucidating the degree of evidence and clinical indication.
Regarding the product used for drug delivery, there are some recommendations to be observed, according to the method employed. Ablative and Q-switched lasers should be preferred when hydrophilic vehicles are used. In contrast, non-ablative lasers and intense pulsed light (IPL) should be chosen for lipophilic active principles. 7 The more fluid is the used vehicle, the better the penetration of the active principles. The presence of cosolvents in the formulation significantly increases the penetration of the active principle with laser based drug delivery. 7 Anhydrous formulations hinder the proliferation of microorganisms and do not cause burning sensation, sensitivity or comedones during the application. 7 Although controversial, the use of sterile products is questionable, for contamination with microorganisms located on the skin's surface can occur even after proper asepsis of the treated area and with the use of sterile formulations. In addition, most studies have used non-sterile products for drug delivery, with absence of descriptions of severe complications or side effects.
The present article is aimed at reviewing the current knowledge about the drug delivery technique assisted by lasers.
BIBLIOGRAPHIC RESEARCH
The bibliographic research was performed on the MED-LINE, Cochrane and Lilacs-Scielo data bases using the following keywords: (fractional laser OR ablative fractional laser) AND After the selection of papers, the pieces were read based on their Titles and Abstracts, with those pertinent to the study being included. The in vivo studies were classified as randomized or non-randomized clinical trials.
EVIDENCE FROM STUDIES ON DRUG DELIVERY ASSISTED BY ABLATIVE FRACTIONAL LASER
The main ablative fractional lasers are 2,940nm Er:YAG and 10,600nm CO 2 laser, which operate in the infrared band and have water as chromophore. 6 The 2,940nm Er:YAG laser has a higher affinity for water, being therefore absorbed by the epidermis' water, allowing a more superficial penetration and minimum generations of heat. On the other hand, the 10,600nm CO 2 laser penetrates deeper and generates higher amounts of heat. Both lasers facilitate drug delivery both through MTZs and through thermal effect present on the tissue surrounding the MTZs. 8, 9 Ablative fractional lasers characteristically act through tissular ablation columns surrounded by coagulation tissue (the MTZs), which can be modulated according to the used laser's type and energy. These channels penetrate the stratum corneum and grant direct access to lower layers, facilitating the drug delivery of medications applied on the skin. The MTZs can be adjusted using two parameters: density (i.e. the number of micropores per given area) and depth (which is controlled by choosing the level of fluence). 6 The adjustment of the wave type and pulse duration used in ablative fractional laser allow to modulate the ablation degree and the thickness of the coagulation column adjacent to the MTZ: if too thick, this coagulation column hampers the diffusion of the applied substance for drug delivery into the areas adjacent to the MTZ. 10 In addition, the use of excessively high energies results in deeper lesions, which can reach the vessels, thus entailing that the active principle in question may enter the bloodstream, an unwanted effect for drugs that act on the skin. When comparing the ablative fractional CO 2 laser with the 2,940nm Er:YAG, it is observed that the coagulation column is smaller in the latter due to its higher affinity for water, which favors the emergence of bleeding points in the MTZ, decreasing the permeation of active principles applied in the area. This phenomenon can be minimized using lower energy levels, specific for drug delivery, as already made available in some laser devices. 10 In vitro studies assessed the influence of the number and depths of pores for ablative fractional laser based drug delivery, observing that the delivery of the drug was dependent on the number of pores in the analyzed area. 11 Nevertheless, once a certain MTZ density is reached, subsequent increases in density do not promote increased permeation of the drug due to the excessive thermal damage inflicted to the tissue adjacent to the MTZ. 10 In general, substances containing hydrophilic molecules depend on the MTZ's depth to be absorbed -a phenomenon that does not occur with lipophilic molecules. Drug delivery of aminolevulinic acid (ala) and methyl-aminolevulinic acid (mal) assisted by ablative fractional laser Drug delivery of ALA and MAL assisted by ablative fractional laser is one of the more intensely studied, with a great number of pre-clinical and clinical analyses comparing it with the traditional technique and with the use of other drug delivery methods. Its use has been described in actinic keratoses, Bowen's disease, basal cell carcinoma, actinic cheilitis and onychomycosis. 8, 10, [12] [13] [14] [15] [16] [17] [18] [19] The delivery of MAL after pre-treatment with ablative fractional CO 2 laser in pig skin was studied by Haederstal et al. in 2010. 10 The study's outcomes showed that pretreatment with lasers allowed a deep and uniform distribution of the drug due to radial diffusion of the product deposited on the MTZs. In 2014, the same authors evaluated the action of 10,600nm CO 2 laser followed by the application of ALA and MAL, describing an increase in the protoporphyrin IX's fluorescence of up to a depth of 1,8mm in the skin pretreated with laser. In addition, centrifuge radial diffusion of MAL was observed based on the uniform fluorescence of up to 1.5mm beyond the micropores inflicted by the laser. 12 In 2013, Ko et al. evaluated the use of 2,940nm Er:YAG ablative fractional laser followed by the application of MAL in the treatment of 236 facial actinic keratoses of in 45 patients who were randomized to receive either only photodynamic therapy (PDT) or PDT after pre-treatment with laser. Photodynamic therapy assisted by laser was more effective for treating the lesions, especially hyperkeratotic ones (p = 0.001). 13 In 2015, the use of 2,940nm Er:YAG ablative fractional laser followed by MAL application was evaluated for the treatment of actinic cheilitis in a randomized clinical trial. The study selected 33 patients with actinic cheilitis (confirmed by histology) who were randomized to receive either one pretreatment session of 2,940nm Er:YAG ablative fractional laser immediately followed by PDT or two sessions of traditional PDT with a seven-day interval between them. The group pretreated with laser had a more effective response both in the first 3 months of follow up (92% versus 59% of complete cure, p = 0.04) and after 12 months of follow up (85% versus 29%). In addition, the method including the pretreatment led to a lower recurrence rate in the 12 months after the procedure (p = 0.029).
14 Adverse effects ranged from mild to moderate, with absence of systemic effects reports. Using the same comparison techniques, the authors treated 440 facial and scalp actinic keratoses in 93 patients, in a follow on study. 16 In that study, the MAL's incubation time was modulated, which lasted 2 to 3 hours. The outcomes showed the superiority of the 3-hour incubation technique associated with the laser as compared to the others. Moreover, this superiority was maintained in the 12-month follow up with statistical significance. 16 A 2016 in vivo study evaluated 5 patients regarding the absorption of ALA. 8 The drug was applied to each patient's arm in four areas: the first received an isolated topical application of the drug; the second received an application after pretreatment with fractional CO 2 laser; in the third area, the application was combined with high pressure; and the fourth area received the application of high pressure transdermal acoustic waves. The ALA was occluded for 30 minutes for incubation in the 4 areas. After this period, biopsies were performed in all areas. The best outcomes regarding the penetration depth and lateral diffusion of ALA were derived from the combination of the two techniques (fractional CO 2 laser combined with high pressure transdermal acoustic waves).
Drug delivery of diclofenac assisted by ablative fractional laser
In 2011, Bachhav et al. evaluated the use of 2,940nm Er:YAG laser applied on pig skin followed by the application of diclofenac in gel and in aqueous solution. 20 Both the aqueous and the gel forms of diclofenac had their delivery enhanced by 13 times with the use of laser. Furthermore, the laser's fluence influenced permeation, but not the deposition diclofenac in the skin.
Drug delivery of lidocaine assisted by ablative fractional laser
In 2010, Bachhav et al. evaluated the application of 2,940nm Er:YAG laser on pig and human skins for the delivery of lidocaine. The delivery of the drug was dependent on the number of pores, but was not influenced by the depth of these pores.
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Drug delivery of corticoids assisted by ablative fractional laser
In 2015, Li et al. deemed as symmetrical and stable the effect of CO2 laser as a promoter of drug delivery for topical corticosteroids aimed at treating vitiligo in the body's extremities. Twenty-five patients underwent a split-body treatment. In on side of the body, the lesions received the laser application followed by betamethasone solution and narrowband UVB phototherapy. The other side received laser followed by phototherapy (control). The side treated with betamethasone solution immediately after the laser procedure had higher re-pigmentation as compared to the control side, with proportions of 40% (versus 8%) for patients with re-pigmentation greater than 50% (p < 0.05). 21 Adverse effects were mild, and included edema, er-ythema and burning sensation, being were well tolerated. None of the patients experienced worsening of the vitiligo, Koebner phenomenon or local infection.
The drug delivery of 0.05% clobetasol propionate cream immediately after the application of ablative fractional CO 2 laser associated with narrowband UVB phototherapy was also evaluated for the treatment of vitiligo in 26 patients. 22 The average improvement scores were significantly higher than when there was association of the phototherapy with drug delivery of clobetasol. No significant adverse effects, such as the Koebner phenomenon, cutaneous atrophy, telangiectasias or hypertrophic scars, were reported. Figure 1 shows the outcomes obtained by the authors in the treatment of a patient with vitiligo. Three ablative fractional CO 2 laser sessions were carried out, followed by drug delivery of desonide.
In 2013, Waibel et al. treated 15 patients with hypertrophic scars in a case series. 23 Three to 5 sessions of ablative fractional CO 2 laser were performed in intervals of 2 to 3 months between the procedures. Drug delivery containing 10-20mg/ml triamcinolone acetonide was applied immediately after the laser. After six months assessing the overall improvement parameters, the improvement in the parameters scars, atrophy, dischromia and contour was 2.73, according to the Manchester modified scoring system, where the maximum score is 3. The parameter texture showed the best results, while the dischromia parameter obtained the lowest improvement scores.
Cavalié et al. assessed the drug delivery of betamethasone following the application of 2,940nm Er:YAG laser for treating 70 keloids, observing a mean improvement of 50% in the lesions, with a recurrence rate of 22% in 8 months. 24 There is a case report of a dermatofibroma treated with fractional CO 2 laser and drug delivery of 0.05% fluocinolone ointment with good outcome. 25 Figure 2 illustrates the treatment of keloids with ablative fractional 2,940nm Er:YAG laser associated with drug delivery of triamcinolone with good results after only one treatment session.
Drug delivery of tranexamic acid assisted by ablative fractional laser
An in vitro study in pig skin evaluated the delivery of tranexamic acid after pretreatment with fractional or conventional CO 2 laser. The fractional variant was as effective as the traditional in delivering the drug, however it inflicted less damage to the epidermis.
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Drug delivery of methotrexate assisted by ablative fractional laser In 2008, Lee et al. carried out an in vitro evaluation of the methotrexate's permeation assisted by either 2,940nm Er:YAG laser or electroporation in rodents' healthy skin (nude mouse), observing that the use of laser led to increased absorption of the drug by 3 to 80 times, the according to used fluence. 27 A later study -in vitro, in pig skin -demonstrated that 2,940nm Er:YAG laser treatment for delivering methotrexate depended upon the MTZ's depth: the absorption of the drug increased by 6, 9 and 11 times when the MTZ reached the epidermis, the superficial dermis and the medium dermis, respectively.
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Drug delivery of vitamin C assisted by ablative fractional laser
In vitro studies have evaluated the uses of 10,600nm CO 2 and 2,940nm Er:YAG lasers in the pretreatment of the skin, with different formulations containing vitamin C. Increases of up to 277 times were evidenced in the skin's permeation as compared to the to untreated skin. 29 Hsiao et al. evaluated the permeation of ascorbic acid after the application of ablative fractional or conventional CO 2 laser, observing similar results irrespective of the laser used. 29 In 2013, a similar study was conducted by Huang et al., with three different forms of stabilized vitamin C. 30 In 2016, in a split-face study co-authored by one of the present article's authors, Waibel et al., evaluated the use of CO 2 laser in the drug delivery of a non-sterile formulation containing vitamin 15% vitamin C, 1% vitamin E and 0.5% ferulic acid in serum vehicle, demonstrating acceleration in the healing of the hemiface that received the formula, despite the fact that this outcome was not statistically significantly different. 5 The molecular analysis of biopsy specimens harvested five days after the treatment showed the presence of increased fibroblast growth factor -which stimulates tissue repair -in the hemiface that underwent the drug delivery method. There were no descriptions of irritative effects resulting from the applied formulation. Figure 3 shows the results obtained by the authors of the The use of drug delivery in 5% 5-FU was also evaluated in the treatment of non-segmental vitiligo pretreated with ablative fractional 2,940nm Er:YAG laser, and post-treated (subsequently to the application of 5-FU) with narrow band UVB phototherapy, in a prospective right/left comparative study. 32 The association of laser assisted drug delivery with phototherapy resulted in repigmentation in 78% of the patients (versus 23.4% in the group that received only phototherapy).
Drug delivery of imiquimod assisted by ablative fractional laser
Lee et al. performed an in vitro study with 2,940nm Er:YAG and drug delivery of imiquimod, where there was an increase in the skin's permeability of imiquimod after pretreatment with laser, dependent upon the fluence and of number of passes in the treated area. 33 
Drug delivery of ingenol mebutate assisted by ablative fractional laser
According to an in vitro study, pretreatment of the skin with 2,940nm Er:YAG laser increased dermal permeation of ingenol mebutate. This penetration was influenced by the density set on the laser device, but not by the MTZ's depth. 34 Braun et al. Source: Authors' collection evaluated this finding in a case report based on a split-face study of field cancerization treatment. After pretreatment with 2,940nm Er:YAG, 0.015% ingenol mebutate was applied and maintained for three consecutive days. Despite the fact that both sides of the face showed an expected inflammatory reaction to the product, it was more intense on the side pretreated with laser.
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Drug delivery of tretinoin assisted by ablative fractional laser An in vitro study evaluating the drug delivery of tretinoin evidenced that there was increased permeation after the application of ablative fractional laser. In addition, it demonstrated that this permeation was dependent upon the laser's fluence and density. 36 
Drug delivery of topical antifungals assisted by ablative fractional laser
Studies described the treatment of onychomycosis with an association of ablative fractional lasers and topical antifungals, such as terbinafine and amorolfine cream. The MTZs allowed the conformation of channels on the nail that removed the ungual tissue containing fungi and promote the drug delivery of products applied on the nail plate. [37] [38] [39] A study by Yang et al. evaluating the use of ablative fractional laser for drug delivery on the nail plate employed optical coherence tomography aimed at identifying the optimal parameters in order not to damage the tissues located beneath the nail plate. They concluded that the use of tomography is effective in performing this analysis and ensures the procedure's safety. 40 
Drug delivery of polylactic acid assisted by ablative fractional lasers
Rkein et al. assessed the topical application of poly-L-lactic acid after fractional CO 2 laser for the treatment of atrophic scars in 10 patients. 41 Three months after, 95% of the scars received a improvement score of 2.18, on a scale ranging from 0 to 3.
Drug delivery of botulinum toxin assisted by ablative fractional laser
In 2015, Mahmoud et al. described the use of fractional CO2 laser followed by the application of topical botulinum toxin (drug delivery) in the periorbital area in a split-face study in 10 patients. The 30-day follow up evidenced significant improvement on the side associated with botulinum toxin (p = 0.027). 42 Similar results were reported by Zhu et al. in 2016, when the topical application of botulinum toxin (drug delivery) was compared to the application of saline solution, both after pretreatment with fractional CO 2 laser, in randomly chosen facial areas. 43 Twelve weeks after, the combined treatment received an improvement score of 2.70 in wrinkles, hydration and elasticity, on a scale ranging from 0 to 3 (p ≤ 0.05).
Drug delivery of platelet-rich plasma (PRP) and adipose tissue stem cells assisted by ablative fractional laser
In a 2016 split-face study, Zhou et al. compared the effect of the application of stem cells from adipose tissue following pretreatment with ablative fractional CO 2 laser, to the isolated application of laser. The combined treatment increased the patient's satisfaction, improved the elasticity and hydration, and reduced the transepidermal water loss, rhytids and melanin index. These results were observed both in the group treated for rejuvenation and in the group treated for acne scars. 44 An assessment of the use of PRP in drug delivery after ablative fractional laser was performed in 2012 by Shin et al. Platelet rich plasma combined with laser increased the elasticity and decreased the erythema index. Increased thickness of the dermal-epidermal junction, collagen content and number of fibroblasts were also observed. 45 
Drug delivery of minoxidil and diphencyprone assisted by ablative fractional laser
Ablative fractional Er:YAG laser was used to accelerate the topical permeation of minoxidil, diphencyprone and peptides in rat and pig skins. There was increased permeation of all active principles, including into hair follicles. Drug delivery was evidenced by micrography in the hair follicles and intercellular space. 46 Figure 4 shows the outcome obtained by the authors of the present paper in the treatment of a patient bearing a single plaque of alopecia areata treated with 2,940nm Er:YAG lasr, followed by the application of a formula containing growth factors.
Drug delivery of growth factors assisted by ablative fractional laser
Other uses
Other uses of ablative lasers for drug delivery include the delivery of antibodies, vaccines, oligonucleotides and analgesics.
Ideal requirements for drug delivery formulations assisted by ablative fractional lasers. 7 -Low viscosity vehicles are superior to emulsions, gels, or serums.
-The presence of cosolvents in the formulation promotes lateral diffusion (adjacent to MTZs) and increases deposition of the drug.
-Occlusion (which can be one of the vehicle's characteristics) increases the drug delivery effect.
-The permeation of hydrophilic active principles is facilitated by ablative fractional laser. The same is valid for active principles contained in nanocapsules, or those that are lipossomed or vectorized.
-Avoid the use of propylene glycol and alcohol in the formulations, for they reduce the active principles' penetration.
-Permeation of active principles occurs continuously up until the skin's barrier function is completely restored, even though it decreases over this process of recovery. For this reason, the patient can use the drug delivery formulation for 2 or 3 days after the procedure.
-Vehicles of anhydrous nature or mineral origin that do not contain preservatives and dyes, reduce the risk of allergic reactions and do not generate discomfort (burning sensation) during the immediate post-procedure application.
EVIDENCE FROM STUDIES ON DRUG DELIVERY ASSISTED BY NON-ABLATIVE LASER
Non-ablative laser promotes drug delivery via thermal effect -as in the cases of 1,064nm long-pulse Nd:YAG laser, non-ablative fractional Erbium laser, and intense pulsed light (IPL) -or via photomechanical waves due to the high magnitude of the transient pressure -as in the case of Q (quality)-switched lasers. 47 In 1998, Lee at al. demonstrated (in animal models) that even 40kDa macromolecules (dextran, for instance) could permeate into a cutaneous depth of 400μm, in vivo. Exposure of the skin to photomechanical waves leads to the expansion of the extracellular space up until the deeper layers of the stratum corneum, nevertheless the stratum granulosum remains unchanged. The addition of a cosolvent to the vehicle results in the large-scale expansion of the extracellular space, including intercellular ruptures in the stratum granulosum. The addition of a cosolvent to the vehicle used for drug delivery selectively acts on the lamellar lipids. 48 Long-pulse lasers, non-ablative fractional Erbium laser and IPL increases the skin's temperature by up to 13ºC, with transient disruption of keratin, making corneocytes to become brittle and exfoliative. In contrast, 532nm and 1,064nm Q-switched lasers completely rupture the keratin and corneocytes with minimal increases of temperature, generating micropores in the stratum corneum. 47 Q-switched lasers increase by 12 times the skin's permeability, which can remain at that level for up to one week, without risk of infection. In addition, it increases the permeation of hydrophilic molecules. 47 On the other hand, the order of magnitude of the increase in the skin's permeability promoted by long-pulse Nd:YAG laser, non-ablative fractional Erbium laser and IPL is roughly 6.8 times, which lasts for 15 to 30 minutes. 7 Different sources of light were studied in diverse doses as drug delivery promoters. The results demonstrated that all methods used to increase permeation of glycerol -lasers, such as CO2, 532nm and 1,064nm Nd:YAG; and 400-700nmn and 560-950nm IPL -significantly increased the transdermal delivery of the studied active principle as compared to the control group. 49 The increase in transepidermal water loss (TEWL) after the treatment with non-ablative fractional laser demonstrates that the use of this type of device induced an increase in the skin's permeability. 50 Non-ablative fractional laser promotes dermal heating in a columns layout similar to the MTZs, however without causing significant damage to the overlying epidermis, being therefore associated with less discomfort and shorter recovery time than that of ablative fractional laser. 51, 52 Drug delivery of aminolevulinic acid (ALA) and methyl-aminolevulinic acid (MAL) assisted by non-ablative laser Lim et al. evaluated 10 patients pretreated with non-ablative fractional 1,550nm Er:glass laser followed by PDT with ALA, left to incubate for 30, 60 or 180 minutes under occlusion. Each patient was treated in 12 areas in his or her dorsum. The study's results demonstrated increased penetration of ALA in the areas laser pretreated with laser. In addition, viewed under fluorescence, ALA absorption was proportional to the incubation's duration. 51 In 2016, Lee et al. showed an increase of up to 1,200 times in the skin's permeability to ALA after pretreatment non-ablative fractional 1,550nm Er:Glass laser, as compared with the untouched skin. 
Drug delivery of cosmeceuticals assisted by non-ablative laser
The authors of the present paper experienced excellent outcomes using non-ablative fractional 1,340nm Er:YAG laser associated with drug delivery containing growth factors (IGFinsulin growth factor, and EGF -epidermal growth factor) for the treatment of perioral scarring ( Figure 5 ).
Drug delivery of minoxidil assisted by non-ablative laser
The authors of the present paper experienced excellent outcomes using non-ablative fractional 1,340nm Er:YAG laser associated with drug delivery of minoxidil for the treatment of androgenetic alopecia ( Figure 6 ).
Ideal requirements for drug delivery formulations assisted by Q-switched lasers. 7, 48
-Vehicles with low viscosity and of hydrophilic nature are better than emulsions, gels, or serums.
-The presence of co-solvents in the formulation promotes the extracellular space dilation by increasing the diffusion of active principles throughout the skin. It also increases the skin barrier's restoration time.
-Hydrophilic active principles have their permeation facilitated by Q-switched lasers.
-The use of propylene glycol and alcohol in the formulations should be avoided for they reduce the active principle's penetration.
-The active principles' permeation is increased by at least 12 times, and this effect lasts for up to 1 week. In this manner, the drug delivery formulation can be used by the patient throughout this period.
Ideal requirements for drug delivery formulations assisted by non-ablative fractional lasers and IPL. 7, 49 -Low viscosity vehicles are better than emulsions, gels, or serums.
-The presence of co-solvents in the formulation promotes greater transient disruption of keratin and increases intercellular spaces.
-Lipophilic active principles have their permeation facilitated by long-pulse Nd:YAG laser, non-ablative fractional Erbium laser and IPL.
-The active principles' permeation is increased by at least 6.8 times, nevertheless this effect is ephemeral and lasts for roughly a 15 to 30 minutes, entailing that the drug delivery should be performed immediately after the procedure.
ADVERSE EFFECTS RELATED TO DRUG DELIVERY PROCESSES
To date, there has been absence of descriptions of infections secondary to drug delivery procedure performed with lasers.
Soltani-Arabshahi et al. described two cases of foreign body reaction after microneedling and drug delivery with a commercial product for use at home containing vitamin C (Vita C Serum, Sanitas Skincare, PAÍS), confirmed by biopsy and with negative cultures for the biopsied sample. 58 Another study described foreign body reactions after electroporation. 59 Although the reports did not describe the use of lasers, attention should be given to the formula employed for drug delivery; some readymade formulas for daily use at home contain preservatives and dyes, which may be related to the observed adverse effects.
In a 2016 study, Lee et al. evaluated the risk of permeation of the bacteria Staphylococcus aureus and Pseudomonas aeruginosa after treatment of the skin with non-ablative fractional 1,550nm Er:glass laser observing absence of increase in the risk of bacterial infection after the laser application , as compared to the untouched skin.
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CONCLUSION
The use of lasers for promoting drug delivery is promising, however a greater number of controlled studies with longer follow-up periods are necessary in order to allow the evaluation some of the studied substances, which still do not have the adequate degree of evidence for indication. The standardization of the energy and density used in the laser applications, as well as the standardization of the concentration of each substance to be applied via drug delivery processes, call for a greater number of studies, since many articles discuss the use of lower concentrations of the active principles since there is increased permeability. 6, 9 The use of lower concentrations of active principles increases the safety of the procedure and reduces the risk of side effects.
Notwithstanding, issues linked to the procedure's safety, such as the potential risk of adverse effects secondary to the systemic absorption of the drugs and the risk of infection and immune sensitization, require a greater number of studies aimed at clarifying whether the use of sterile formulas for drug delivery is necessary, although a 2016 study by Lee et al. has demonstrated that the use of non-sterile formulas with non-ablative fractional laser is safe. 50 Despite the fact that there are many topical formulations, it is necessary to determine which are appropriate or not for use in drug delivery. 6 The cost of the procedure represents a constraint for its implementation in the daily practice, and it is necessary to discuss the cost/benefit of the procedure with the patient. 9 The knowledge currently available demonstrated that the substances studied for the combined use of lasers are safe in the promotion of drug delivery, provided that the procedures are performed in medical environment, according to appropriate pre-procedure antisepsis protocols. The technique is promising and promotes a new application for lasers, allowing to expand its use not only in rejuvenation treatments, but also in the treatment of dermatological diseases, reducing the toxicity of the active principle and the costs of more expensive drugs, and increasing the therapeutic response.l 
Source: Authors' collection
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